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SUM’4ARY

Fatigue tests were run on gusseted joints to determine the effect
of gusset edge finish on fatigue lffe and to compare riveted with spot-
welded assemblies. Edge finish was found to have no effect on the
fatigue life of either the 248-T or the heat-treated alloy steel
(X 4130-AN-QQ-S6ti; yield strength, 180,000 psi) gussets tested. The
riveted 24-S-Tjoints were fomd b have better fatigue characteristics
then the spot-welded 24S-?2Joints.

AdEiitionaldata obtained in these tests and in a supplementing
photoelastic study of the riveted-joint assembly in~icate~ that at low
load cycles stresses set up in the gusset during the riveting operation
affect the fatigue life of the gusset. At high load cycles fati~e
life is governed by the geomet~ of the gusset, that is, stress conceri-
tration at the rivet holes. Results showed that stresses introduced
across the center section of the gusset by the riveting operation may
reach values as high as ‘jOpercent”of the
ment in gusset design is indicated on the

The
Ing:

1.
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3.

The
selected
in level

rNTRomIoN

objectives of this tivestigation

tensile stress. An improve-
basis of these tests.

were to determine the follow-

Fatigue characteristics of riveted aluminum-alloy gussets
with various edge finish&

Fatigue characteristics’of heat-treated alloy-steel
gussets

Fatigue strength of gusseted joints; rivets against spot
welds

loading conditions under which these tests were run were
on the following considerations (reference 1). An airplane
flight supports a load equivalent to lg on the airplane. The
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effect of gusts or msneuvers
from the load of lR. ?lence,
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.
Is to add or eubtraot a load increment
losd cycles which were qyzmetrical about

a g!ven base tensi& load w&e selected.

A review of the design of guseets used on structural joints of
airplenes indicated that the tensile strese on the net area of the
critical section of the gusset for a load equivalent to lg on the
airplane was approximately 11,000 psi. Therefore, the design of the
24S-T gusset for this series of teets was such that the unit stress
for the application of the base load approximates the aforementioned
value.

Choice of a guseet-plate type for thfs series of tests was made
on the same basis as would normally be made b aircraft desi~,
that 1s, the type was chosen which would be most economical of
material and therefore he the lightest practical construction con-
sistent with sfmpllclty of manufacture. The ultimate design load of
20,0CMlpounds for all three typee of gusset was chosen to remain well
within the fatigue-machine captiity end still comply with the load
requ.kmmnts juet discussed. All supporting tubes, rivets, and mount-
ing brackets for attaching the specimens in the testing machine were
designed to be heavy enough to preclude the likelihood of failure.

The test program was expanded somewhat after the first few tests
indicated the Independence of fatigue strength on edge finish. Read-
ings were taken to determine the stress distribution in the critical
section of the gusset plates by use of strain gages of the SR-k type
end by photoelastic snalyeis.

This work was conducted at the State College of Washington unier
the sponsorship end with the financial assistance of the National
Advisov Committee for Aeronautics.

DESCRIPTION OF APPARATUS

Fatigue Testing Machine

The fatigue testing machine tith”test specimen in place is shown
in figure 1. The machfne consists of a heavy frame anchored to a
reinforced concrete base, the latter resting on rubber pa?ie,which,
in turn, rest on an isolated concrete subfloor.

.

.

At each side ami w!+~tn the frame are two heavy screws pinned to
ths upper cross f’ram and bolted to the steel base at the bottom.
!i%oadjustable nuts on the lower ends of these screws sre useflto raise
or lower the fLoatlng driving head to accommodate varirms-s[ze speci-
mens snd to cushion the drop of the driving unit upon the fracture of
a specimen.

,
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The driving head is connected to the rigid outer frame by two
led’ sprtigs which offer little resistance to vertical motion of the
driving head but have sufficient stiffness to prevent laterel displace-
ment with respect to the frame. The main connecticm between the driving
head and the frame is, of course, through the specimen. A spherical
seatfng In the upper cross frame permits positive alinement of specimens
for axial loading.

The driving mechanlem ccaslsts of four cams and two shafts - two
ceme on each shaft. The shafts mounted in heavy ball bearings are
geared to rotate in opposite directions and are driven through pulleys
by a l-horsepower induction motor. Each cam cculsistsof an inner end
en outer section; these sections are indexed and slotted so that they
cen be keyed to give a wide range of eccentricity ta the cam. With
the four cams keyed to give the eeme eccentricity, the synchronization
is such that the centrifugal forces set up by the rotating eccentrics
have a resultant in the vertical direction only.

By the use of two movable heads riding on the fixed screws of the
machine proper and coupled by a worm-gear drive mechanism, two heavy
calibrated coil springs can be cmnpressed against the driving head,
thus putting a base tensile load of the desired ma~itude on the
test specimen. The cyclic load is applied by the rotating eccentrics
on the driving head. Microswftches momted on the floating head are
so arrsnged that the motor drive is automatically shut off when the
specimen fractures or defomns excessively. The nuniberof cycles of
load reversal during a test is autmnatlcally tellied by a revolution
counter. Table 1 gives data on the load cycles for the tests.

Strain Measuring Equf~nt

Figure 2 shows the strain measuring equipment which consists of
a double-pole ewitching-end~driving wit equipped with special bypass
switches to switch to the SR-k static reading unit (reference 2), ah
RCA portable emplifier, ty_pe319A, end a Dvmont oscilloscope, type 168.

All gages had one side in Commori. The other sfde of each gage
was put through the double-pole selector switch with the two common
poles In parallel so as to ellminate contact resistance as far as
possible. A resistance box of the plug type was used for calibrating
the oscilloscope when reading dynamic strain. The driving and cali-
brating units sre in the box shown at the left In figure 2. All
circuits involved in dynamic strain measurement were shielded and
grounded from the gages to the oscilloscope insofar as was possible.
Mechanical strain gages of the Huggenberger snd Olson Last Word types
were used as checks in static tests.



4 NACA TN NO. 1514
.

TEST SPECIMENS

Table 2 provides the specifications for dimensions end materials.
Also shown is the method of forming the gussets, which indicates the
edge finish. No hand dressing was permitted, that is, the edges
remained as stamped, saw-cut, or sheared, Lmtil tested. Tnaemuch as
It becsme evident early in the test series that edge finieh had no
bearing upon fatigue life of the Joint, no attempt was made to record
edge profile. It should be noted, however, that dies used in stamping
the gussets were considered to be in the middle or latter part of their
useful life end consequently the edge profiles of the stamped gussets
Were comparatively ro~h. Fmthermore, epecimens 11 end 1?, for which
the ~lsseti welw m~de narrow and thick relative to the initld @’OuP
of epectmens, were designed and saw-cut in a deliberate attempt to
provide a rough edge contour and cause fatigue from the edge inward.
The spot-welded specimens were fabricated completely from eheet stock, ‘
as there was am obvious difficulty in spot-welding gussets to extruded
box eect,icnsor columns of the size used.

Figure 3 shows the three types of specimen tested and figure 4
shows the sections of a specimen. The 2kS-T riveted gussets and
colmns (test specimens 1 to 10, 12, 15, 17 to 20, and 46) given in
table 3 are represented lJythe column assembly at the left in figure 3.
At the right,is shown an alley-steel heat-treated gusset riveted on
24S-T columns and given as test speoimens 21 to 33 in table 3. spot-
welded Alclad 24.S-T gussets and fabricated columns are shown In the
center of figure 3 end given as test specimens 34 ta 45 and 47 to 49
in table 3. All test specimens were factory-fabricated so as to take
advantage of factory methods for uniformity of construction and of
factory inspecticm. The end clamps are al-soshownf.n fiwe 3. A
filler block was placed inside the column to prevent excessive dis-
tortion when tigh&ing the

.

Table 1 Rives the load

clamp bolts.

TEST FmcEmRE

cycle, the machine-applied lead, the

.

,

stress on the net section EE of the gusset, the stress range, the
Iosd factor, and the percentage of ultimate design ‘load.

The ma+.chefiand calibrated leading springs of the testing machine
(f~g. 1) were adjusted free of pressure while the end clips of the
sp.ec!menwere bolted to the heads of the machine. This operation
l,lftedthe lower floating head from its rubber lmmpers. The sprln~ b

load per tooth of the combined m~t md Wotileel on-the screw was
fietem-c!nedby calibration so that, by ,jackingthe springs the required
number of tteeth,the 4000-pound base load in tension was applied to the ,

co!umn. Dwrlng this operation the ,upper-headspherical Joint was
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relaxed to a few thousandths of en inch to permit neutralize.ticmof.
possible machine-imposed moments on the column. The dead weight of
the lower head was included in the applied load.

In order to obtain dynemic loading, the four cams on the floating
head were indexed to positions ccmsistent with rotational speed and
load renge in pounds, as indicated on the graph (fig. 5). The cam
centrifugal forces were additive or subtractive in relation to the
dead load. The errors due to inertia end momntum of the mass
representing the lower head were relatively smell. Actually the
dynamic loading was subject to calibration, and small corrections were
applied to the values shown by the graphs in figure 5.

Strain gages consistent with the SR-4 system were used in as many
positions on the colmmns and gussets as could be applied with practical
results. Gages were, as a rule, applled in similar pcsitimm on opposite
sides of the colmn end ~oint. A dummy temperature-compensatinggage
was used in making static readings.

After setting and bolting the column, the static load was applied.
end verified (by strain gages on the colum), the rotating cems
adjusted for the dynamic load, the microewitch cut-otitadjusted, and

. the motor started. The upper spherical Joint was tightened under
running condition. On cming up to speed, adjuMnents were made in the
variable V-belt pulley as needed to obtain the desired C= speed. The
-C strain equipment was switched m and the amplifier adjusted
for oscilloscope deflection. As quic~y as possible strain readings
were made on all gages; following this a calibration reading was made
with known resistance values bracketing the range recorded dynamically.
This method of reading dynamic strain followed by calibration was done
at fixed intervals, the interval depending upon the anticipated number
of cycles for the applied test load. The cycle counter was read at
the beginning end the end of the test.

With the oscilloscope supplied with internal horizontal sweep,
the image was the femiliar sine-function curve. By diminishing the
internal-sweep potentiel to zero, the length of the resulting verticel
line could be readily measured or photographed. This length was used
to measure the dynemic strain. Some specimens gave warning of impending
failure. A modification of the crest of the sine curve appesred as a
flattening of the top, with minor crests appear- on one or both sides
of the crest.

Column gages were used on the tubes for test programs 1 and 2
. of this report wherever gusset gages were used. These column gages

were used for verifyin&?the machine-applied loads - both static and
dynmic. These fom column gages were read under the same conditions
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end at the same time as the Russet gages. The area of the cross
section of the column and the modulus of elasticity of the material
were determined by related measurements and tests. This provided an
independent means Por checking the applied loads. When these checked
within % percent of the predetermined loads imposed by the machine,
the tests were allowed to proceed.

ANALYSIS AND DISCUSSION OF RESULTS

2k3-T Riveted Gussets

Fatigue test results, with load r=ge plotted against cYcles to
rupture, are she= graphically in figure 6. As is indicated in the
last column of table 3, all failures st~ed at the c=ter Of the
~sset plate or at a rivet hole end progressed toward the edge. The
progression of the fatigue crack is illustrated in figure 7 by
specimens 5 and 8, in which the crack has started at the center but
has not yet spread to the edge, and by specimen 2$ in fiich the
fracture is complete..

W an attempt to obtain a fracture starting at the edge of the
gusset plate, two specinwns were made in which the plate width was
r-bducedbut the thickess increased to maintain approximately the
same gross and net cross-sectional areas in the gussets as in the
original specimens. Although the width of these gussets was reduced
20 percent in one and 40 percent in the other, fatime cr=ks st~ll
originated at the rivet holes rather th~ at the I“o@$ saw-cut edges.

n addition to discounting edge fin~sh as a factor in fatigue
life, specimens 11 and 13 had sf~ificantly longer fatigue lives thsn
the wider gusset plates under the same load conditims. (See fig. 6.)
The result is attrilnrtedto the fact that these specimens had ~eater
net areas in the regicm of high stress (i.e.j betm~ the rws of
rivets) than the wider specimens. No effort was made to determine
that shape of .gusset-which wguld give the olthmm fatigue life;
however, the results indicate that the thlck~ narrow FWsets wo~d
be most favorable.

Further evidence of the low edge stresses set up h the 2.56-inch-
wide gusset ly~the applied loads was obtained from strain-gage data
on the gussets end frgm a photoelastfc analysis of the maximum shear-
stress distribution in a model of the gusset joint assembly. (See
appendix.) Strain gages of the S?-4 resistance tree, lwated approxi-
mately 1/4 Inch from the gusset edge on section FF, indicated stresses
between 56 and 61 percent of the average stress across that section.
The photoelastic data showed that the stress at the very edge of the
gusset on the same section was only 13 percent of the average stress.
Since the stress at the edge of a rivet hole on sectim EE is 4.13

.

.

,
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times as large (photoelastic r~sult) as the average stress on section FF,
the possibility of the influence of edge finish on fatigue life is very
remote indeed.

Qualitative results showed rather early in the test pro~that
edge finish was not a vital factor, and attention was directed toward
obtaining quantitative data which might explain the occurrence of
fractures across the gross section l?l?of the gussets at the lower load
cycles. It was, of course, at once apparent that such failures were
due to initial stresses across this section, presumably introduced
during assembly of the joint.

Several failures of the type illustrated by specimen 9 in figure 7
occurred; the fracture occurred simultaneously across both sections
IX and l???,and this obse~aticm afforded en opportunity for estimating
the magnitude of these initial.stresses.

With the notation
.

a= maximum principal stress

‘tin minimum principsl stress

T
max ((1 ))-imm‘he= ‘tress ~ U- - %in
it is assumed, as Is generally done in design, that fatigue failure
will occur under bi~ial stress conditions when the m.sxinmmshear
stress exceeds the shear stress of the highest stxwssed element of a
conventional fatigue specimen at its endurance llmit. Thus for cases
in which failure ocuurs across both the gross and net sectims,

C=)m‘c’)m =C-)m (1)

where

c-~
load-induced msximum shea& stress across gross section

(T-E load-induced msx~wn shear stress across net section

Caxb initfzilmaximumshear stress across moss section

. values of
~=k “d ~=k ‘

where P is the applied load or force
. gross section can be obtained directly

patterns as follows:

te- Or the -r- stress (p/A~,
and A is the area, across the
from the photoelastic stress
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(’max~= + X 1056 (P/A)~ = o*78 (P/A)w

(hax~= * x 4.13 (P/A)m = 2.07 (p/A)m

and equathn (1) can be written

For fafluree across sectfcm I?I’,

cla.xk1“2’(p/A)~
For failures across eection EE,

(%lexgl“=(p/A)~

(2)

(3)

(4)

.

The value of the stress-concentration factor at the rivet hole on
section El?cannot be measured with etrain gages; however, strain gages
could be used to check the photoelastic result for the maximumshear
stress on section FF. The SR-4 gages mounted axially between rivet
holee at the center of the gussets gave values of 6- = 0.71(P/A)~

statically and u- = 0.83(P/A)~ dynamicalWO Wges monted at

the same point but at right angles to the dfrectica of load gave values

‘f ‘rein
= -0055(P/A)n statically end ~tin = -O.62(P/A)W

dynamically. At this point gages in these directions coincide
with the directions of principal stresses and will indicate principal-
stress

(
Umx and ati~ values.

Hence, from strain-gage data, for the static condition,

and for the dynamic

(T ‘“,
max/’

= 3(OJ33 +
FF

~~n) = ~ (o071 + 0055) (~/JL)m~ o~63(~/A)m (5)

condition,

(6)O.62)(P/A)~ = O .72(p/A)m ,
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Since the photoelastic result,refers to the
a point and the strain Rages give the shear
of the plate, the agreement between the two
values is considered very god.

maximum shear
stress over a
independently

strese at
finite area
measured

On substituting thq values of (P/A)~ for load cycles 3 and 5 in

equation (k), the initial maximum shear stress in specimens 17 and 9,
respectively, can be calculated as follows:

()T’ = 1.29 x 17,000 = 22,000 psi

-m

.

()T’ = 1.29 x 22,7oo = 29,400 PSf
max~

The surprisingly high initial stresses indicated by the precedfng
indirect analysis suggested the advisability of mdcing direct,me~sure-
=nts during assembly of a typlcel joint. Such tests have been made.
(See reference 3.) Before assembly, SR-4 strain gages were cemented
to the gusset between rivet holes across section lZl?.Tne @set was
then riveted to the columns and the gage resistance again measured.
The axial stress produced in the gusset by assembly of the Joint was
found to be approximately 25,000 psi.

If the reasonable assumption is made that the initial stresses
sre distributed similarly to the load-applied stresses, the result
mven In reference 3 would indicate an initial maximum shear stress
of approximately 21,900 psi. (Tn support of such an assumption !C the
fact that h a few tests, in which rivets became loose durin~ the
progress of the test, the ratio of maximum principal stress to she=
stress remained the same throughout the run.) This is of the same order
of magnitude predicted by the fatigue test results.

It should be noted that, according to this analysis, fa:lures
scrose section EE should occur after a greater numker of fatlm. cycles
than failure across section FF for the same load range”. The result
obtained does net in general bear this out, and in at least one case
the discrepancy is toc lar~ to be attributed to the ncrmal scatter ef
fatigue data. However, there can te Iit*.lequestion that :nlt!al stre.%
In the gusset is dcxninantin determlnhg fatigue life in the low and
intermediate range of load cycles. .

Heat-Treated All~y-Sf.eelGv.ssets

I

Tn the seccnd phase of this test:ng program, heat-tre~te? alloy-
Steel wssets were Usel in Place of the 2hS-T gussets. Tubes, r~vet.s,
rivet spacin~, and fabrication proce~ure were the same a~ .!’crthe.
2hS-T ri-:ekeflgussets. (See !.abl.eP and ?ig. ?.) The mlsse+s were
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saw-cut and were reduced in cross-sectional area consistently with the
increase In yield strength end ultimate strength of the heat-treated

.

alloy steel, as compared to the same properties of the 24S-T aluminum
alloy. Here aqaln, edge finish was found to have no effect on fattgue
life. All fatigue cracks, with the exception of two which were
undetemnined~ originated at rivet holes on ~e~tion ~o (See fig. 8.)

Initial stresses due to riveting apparently had no effect on
fatigue life in the load rsnqes investigated, as no failures occurred
across the gross section FF. On noting that the maximumstress P/A
in these gussets during load cycle 1 is greater than that in the 24S-T
~ssets during load cycle 5, this result is to be expected if initial
stresses of the same order of magnitude in both types of gusset are
assumed.

St,rain-ege readings were taken on all specimens run below load
schedule k. These readings were taken as a matter of routine and had
no significance with regard to interpretation of the data and are,
therefore, omitted. The loosening of rivets during dynamic loading was
evident in all.tests. Under heavy loads (loads 4 to 7) a majority of
the rivets became loose and rider lighter loads en average of about
three or four rivets was loosened. Reference to figure 6 shows that
the fatt~e life of @loy-steel gussets is less than that of the
?4S-T gussets at all load conditions.

Spot-Welded 24s-T Alclad Cclumns and Gussets

The spot-welded gusset $oints were revised in several details of
construction. (See table 2 and fig. 3.) The colunms were preeeed to
shape in halves, reinforced at the ends for tiltlng and flanqed at
the center sectian so that the gussets could be spot-welded in place,
and the two halves were epot-welded together by means of the flanges.
The reinforced ends were jig-drilled so that over-all dimensions
remained the same, and the same end brackets were used as for all the
previous tests. Table 3 gives the eesentisl load and test-result data
for this group of spot-welded specimens. The results are plotted in
figure 6.

The first test in this series, test 34 (table 3), was fitted with
metalectric gages on the outer surface of the gussets on section FF
and showed an average tensile stress of 31 percent as compared with
the ~iform stress p/A for that sec~i~n. Furthermore, it was found
that, fiile addlnR -i removing the static load for purposes of
verlflcatiun, the average-stress readings increased on this section
wihh each repetition of the load.

T~st 35 gave essentially the same results as teet 34, the average
ten~i]e s:2-ess OXI SectIan FF befng somgwhat lower, or 22 percent of
the uni~orm S:YWC3S P/A. ilynem!call.y,43 percent was recot-ded.
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Specimen 36 was revised by milling the column flanges away at
the center gap and by inserting a spacer to prevent the gussets
from drawing in or %reathing” under dynamic loading. h static
tests specimen 36 showed 16 percent of the stress 2/A without the
spacer insetied’and 62 percent with the spacer insep.ed. In dynamic
loading the average tensile stress showed % percent of the unifcrm
stress P/A with the spacer in place. The fatigue life of the Jcint was
not materially changed with the spacer inserted, as the fatigue failure
was forced to another critical section (section M) end a crack devel-
oped in the column member. Figure 9 shows typfcsl failures for spot-
welded joints; the failures had their origin at the spot welds on
section EIZ.

Specimen 48 was testedby filling the colunm w:th plaster of psris
for distance equal and adJacent to the gussets. On section FF at the
opening in the column the plaster of paris was cut into two parts to
prevent a transfer of the load through the plaster of paris. In this
manner a substantial filler was provided in the column.to prevent the
“breathing action” of the gusset plates upon loading the column in
tension. Based upon average values of readinas taken of section FF.
the following ccm@xrison & ti”presented in ‘%lmlsr form:

Ratio of stress to P/A
(percent)

Condition of specimen
static I@lamlc

Without lacking 21 43

With wedging 62 ‘w

With plaster of paris 7’3 71

Figure 10 is given to Illustrate the apparent ection at section FF
over the joint of the column. Micrometer readings from gusset face to
gusset face before and after static loading to kOOO pounds are plotted
in figure 10(a). Tf the plot of the face Is extended to section FF, it
is shown that each gusset plate draws in 0.013 inch, while at the same
time micrometer readfngs show 0.016 inch actual deflectbn cn sect!on FF.
Figure 10(h) shows the section to scale longitudinally but magnified
vertically. Figure 1O(C) shows the distortion of msset and column under
a hOOO-pound load.
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All failures in spot-welded gussets originated at the periphery
of the spot weld on sectfon EE or AA. (See fi~. 9.) b two casea
failure occurred simultaneously across sections IX end M. In one case,
in which a wedge was used to mlninrize bending, failure occurred across
section AA. All other failures were on sectlrm I!X.

* me results reaffirm the fact that spot welds, because of the
high stress concentraticm inherent in their gecnnet~ end of the metal
structure in the kernel of the weld, are inferior to riveted connections

6 in their fatfgus characterlwtlcs.
●

CONCLUSIONS

Data obtained from tests on gueseted ~oints to determine the
effect of gusset edge finfsh on fatigue lffe and to compare riveted with
spot-welded assemblies lead to the following conclusions:

1. For the simple type of gusseted joint tested, edge finish of
the gussets (whether saw-cut or stmnped) had no effect on fatigue life.

2. For a given croes-sectianal area in a gusset, the narrower
gusset seemed to give longer fat~gue life than wider gus8ets under the
same load conditions.

3. In the 24S-T riveted Joint (and possibly in the alloy-steel
assembly) two factors appeared dominant in ~etermining fatigue life of
the gusset:

(a) When the load cycle 1s such that the highest average
stress across the gross eection is less than about 23,000 psi,
hitial stresses in the msset limfted its fatigue lffe, and
failure occurred ecross the ~ss sectia.

(b) In the higher stress range, stress COnC8ntra*iOn at
the rivet holes Ilmited fatigue life, and failure occurred
across a net sectlono

4. In the spot-welded assemblies, the potential fatigue I.ifeof
the material wae severely reduced by the stress concentration at the
spot welds in the extreme positions.

5. The riveted gusset Joints gave better perfomsnce under
cyclic loadlng than the spot-welded joint~, and of the riveted
assemblies, those with the 24S-T almrhnnn gussete had longer fatigue
life than those with the alloy-steel gussets under the same load



.

NACA TN NO. 1514 1.3

conditions. The three types of joint tested failed under approximately.
the same load in static tests.

state College of Washington
PullnMII, WashMrton

Maroh 20, 1947
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FEOTOEIASI!ICSI?UDYOF GUSSET PLATE

The model of the 24s-T gusset assmbly for the photoel.asticstudy
was made of a clear pla5tic materhl. The gussets were made to fuU
scale, and flat stock having the same effective cross section as the
two riveted sides of the 24S-T column was used as colmmi menibersto
transmit the aTpl.iedloads to the gussets through the rivets. Plastic
dowels, reinforced with O.1-tich-dismeter brass cores, were machined
to give a press fit in the rivet-holes of the columns and gussets and
were used In place of rivets.

The “frozen stress pattern” technique (reference 4) was used,
since it permits the observation of the stress distribution In the
component parts of the model separately after removal of etiernal
loada. The axial load app~ed to the mdel at 1100 c waO 8.25 pounds.
The material fringe value in tension per inch of thickness was
3.22 psi. (See references.5, 6, and 7.)

The results of the photoelastic methodmde it possible to obtain
a more comylete “picture”of the stress relations existing across the
gusset plate than was given by the use of a necessarily limited number
of resistant gages. Figure U shows these stress relations on both
section EE and section FF.

.

.

.
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TABIiE1.- LOAD CYCLES FOR TESTS
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Load factor Ultimate
Load (maximumand deaf~ Maohfne- streffs al stress
cycle mfnfmum, applied E13secticm range

respectively) (P%%mt) load

1 20 4,000 10,800

@
3 26.7 3,3M 14,400

1 7,2(20
g 13.3 2,660 7,200
3

12
3

3393 6,660 17,900

2 14,300
& 6.6 1,320
3

3,600

2 40 8,000 21,500
3 21,500

0 0 0 0

&
3

46.7 9,340 25,100
k

1
27,W

.- -6.6
3

-1,320 -2,m

g
3

53*3 10,660 28,700 ‘
5 34,400

2.- -13.3 -2,660 -5,7W
3

3 60 Y2,000 32,300
6 40,900

-1 -m -4*m -8,600

1
9

66.7 “13,340 35,m
7 47,400

-1A -26.7
3

-5,340 -11,~

,
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TAME 2.- EmxFrckrmm OF TEST 9PmmNs

@usSot Columl
Width Thichleas (kmss area Area

specim
materfal nterial

of Rueeet of’Kaaset of Uuaaet of Collml Rivetn Weets
(h.) (h.) (Sq in.) (Bq in.)

,
R1l’eted

1 to 10 24s-# 24s# 2.56 0491 0.233 1.149 242-T
12,15,18,ti

stumped

11 242-T 24s-# 2 .l@ ●?W 1.36 2b3-T . saw-cut

13 24’S-T 242-T 1.3 .108 .291 1.36 24S-T saw-cut

14,16 . 242-T 242-T 2.$ .091 .233 1.36 24S-T Stamped
17,1Q,20

q ~ 33 Alloy
2&-T 1.5 .062 A*7 1.36 24S-T saw-cut

stoe14

Spot-wlded

34t048 24935 P4S+C5 2*565 0.091 0.2s3
Hot

detemined
Sheared

Imlde

. —

‘Q~-3-355. =9=
%-3-355 .

3Pw -10233.

%4130-w-0,-s685. &~t-tr~t~dj~ ~ld8tmh,l&,0MP~l.

5
Alcld 24.2-T.Both gwaet end COIUUBI cut from O.@l-inch sheet.
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Uixlimm

Specf.m?ul :Wye load
(lb)

1

2

3

19

b

18

5

17

6

1

2

2

3

3

3

3

3

k

2650

1323

M)

o

215

0

0

0

-1320

Ot’mm m Naxlmm Ctremn al
Load

eectim EE, P/A -
(lb)

esotionEB, P/A -
.(P81) (pf3i) (lb)

7200

3fk0’

39P

o

!580

o

,0

0

-2&o

%C f@rr3B 6, ~, mtd 8 for types of failcm

53J@

E&O

6520

moo

7785

blo

moo

Wio

9340

24s+ rivetad {

14,400

17,900

17,?00

21,5cm3

2!),900

21,yx3

21,500

‘a,y)o -

25,1C%I

mete

Strecn

w)

2,6&

5,34a

3,040

8,0cQ

7,570

8,000

8,0cil

8,000

.0,6E4)

.

7,’m

14,300

13,630

21,500

20, y?o

21,500

21,500

21,x0

27,9Q0

I
Cyclee

to R~
fcilurc

lo,oco,ooo

740,000

5iM,ooo

166, eOo

Mb,ooo

2*,000

b52,000

199,200

228,01M

Ro fciilurea

Fcllura pro~secd

frm center tm edgem

on caction FF

Cautertoedgeca
Eectlcm FF m one

gnecet

center to edge cm
Sectkm m

Center to ad~ cm
sectim FF on cm
guccet

Center to * on
Eactiml E2’

Timipient crock in
center of one gneeet

Center ta edge cm
oectlonc E2 end 2’F

Cuntcr to edge cm
Scctiml m ml m
glleeet



\.

13p301mEul

7

8

23

9

lc

15

U?

111.J,

013

46

- Minimlml

lcmd
cycle (lb)

4

4

4

3

5

6

‘7

3

3

:titic

-1320

-1320

-132U

-2660

-2660

-400cl

-5340

0

0

.-—

Ullllmm

Etress m

mctkm ~, P/A

(psi)

-2,800

-2Jklo

-2,EM

-5,7C0

-5*7W

-8,600

-3.1,500

0

0

-.-.—-

load
(lb)

9,340

9,340

9,3M

10,660

10,660

12,Cm

13J34C

8,1xI0

8,0CC

24,190

Mnxtmm

Et.rem m
mad

-&f’ ‘fA x
249-T riveted

a,lcc

25*1CQ

&l,lcm

28,7W

28,7cc

32,300

mm

21,5m

2Q,5CC

65,1MI

10,660

10,643

10,660

13,320

13,320

16,m

18,61b

t@oo

8,coo

.----

Eltnlso

-

(d

27*W

2-?’,WC’

W,9CC

34,400

34,4m

4c,91xJ

47,4CH3

2L,5CC

20,500

-----

Cyclen
to

fnilom
R-ka

53,600

L22,4CC

61,600

51,600

39J5C0

2.4,C00

6,&c

k64,coc

548,alc

------

Cmter to edgm on ftectim ~

on can gumrt

hfpiti orack h mn’ter

or’ gimet

cedar to cage al aeotlm m
cm one gmmt

Caltar b edge; roved

fra FF tom

Cemtar to edge cm mctim FF

Cemtar k edgm; both gnmeti
on 6eotiul ml

Cemlnr h edgem ml 040ticel m

Rlwt hole b edgm CQ

MdAm EE

Ceultsrbetmem rlweto
programed * O&ml on
eecticalEE

Ceatm to *S on wction El

b2hR-T dwm-aJIoy 2- by O .K?j-iuch @aset with @aw-cut eI@IS. Ifet arm = 2 X O .11?6 a 0.372 equare inch.

c2k-T elvminum-e.lhy 1.5- by O .188-inch goeeet with saw-cut edgm. liet area = 2 X 0.195 = 0.350 aquam Inoh. ~
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TAliIX3- fSMnIIYOP=RISrLm -Cmtiamd

-

21

22

23’

!4!

25

as

27

28

29

J

w

u

32

33

7

7

6

6

3

5

J+

k

3

3

2

1

tatio

-1’

-!@o

-5340

-WO1

-Ma

+&o

+6@

-lW

-1~

o

0

132Q

‘x&

_. ___

-39, m

-39, m

+9, m

-29, m

-19,@o

-19,@o

-9,tm3

-9*W

o

0

9,m

19, @

------

13,340

13,340

32,C4M

12,aoo

lo,fxo

1o,660

9,340

9,340

8,000

8,0co

6,660

5,340

28,4W

StaOl-auq goEc&El

99,ECQ

59,6JD

+,600

83,600

79,600

79,LIYI

69,700

%700

59,700

59,700

49,700

39,f!co

210,0co

18,6&

18,6&

lqoix

lqoo(

13,3N

13#3a

lo,6&l

lo,ta

8,CUI

8,CQJ

5,340

2,6%3

------

139,400

l@oo

l19,4!!a

l19,4yl

59,450

99*4Y

mm

79,5%

59,700

59,700

39J%KI

19,950

.------

I

6,0cQ

6,xJ0

lqmo

7,400

M*XH3

16,&xJ

25,400

28,&m

lcQ,4GQ

5,*

257,~

fi,ooo,ocxl

--------

Failure fhm oeatsr to

‘s&3 m EOCtilxl m
(0110 gumet)

CmtertOei@m
motlml m (both’ gumets}

centartO@dgem
Ewticm m (bth glmOtB)

PrOgremial maetemlnei
Sectim m (both gmmta ~

Cm* to Cd& ml

Mctian m (me gfloest)

ceatwti6d@3cm

mctl.al m (me gllnmt)

Cmt9rt0ed@cAl
cectioa n (an. @MaEt)

cmltOrto Ul@m
Hctlml m (mM glloaef)

PrOgrOMim mlkmmn;
Dwt.icm m (al@ gnead)

Centartoell@ aa
ZmOti.ml m (cm gumet)

Rimt imle ta edgej
Sectlcul M

Rot I-ml ta failnrg

Cemtertea#Jecm
SWt.lca m



. . , .

m3-Smw.ET wQ=SwlLm-cmOIThba
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35

36

37

39

39

40

m

U

43

%

47

4s

w

‘2

e

2

1

b

h

3

3

s

5

a-

Statio

i!

6

1 I I I I I I .—

Mm

I.Ym

w

m

m

1320

0

0

-e&o

-E&u

am

. . . . .

132a

4m.3

%430.lomted Imlllnml= . mu “ Otltulo,o.

6,E&I

6,WI

6,W2

5,*

9,3bo

9,3kl

8,ca

8,COI

lo,lw

lo,E&

6,640

26,Qlo

6,600

32,m3

lk,wl .

lb, 303

W,w

Il,w

m,cao

‘a,m

rf,m

17,203

=,WJ

‘a,sca

lb,3m

TJm

*,W

=*FQ

!J,3k3

5,340

5,340

‘2,*

10,E6I

10,650

8,UX

8,m

13,m

U.w

5,9ho

------

5,340

16,cao

Il,wa

ll,4ao

Il,ml

5,150

‘?2,023

2e,&a

17,~

17,em

Ze,ka

Zt3,km

ll,bea

......

IQaO

3@0

53,~

Ez),ml

fa,hca

$@#a-a

@O

&j’,6m

&#&m

11,15C?3

7,am

k,cm

2A,150

-.----

lzl,am

4,BCCI

LwApi.mtf@llurOat dam

of BPOtmm mat.im =

-twmdtd@Bd
tbOu@MOfn’pc’kwmLll

e40tiatEJtbm@miEa0r
ept Wlda

moticm E m wt d
Wrthl AA m ~
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Figure l.- Fatigue testing machine with test specimen in place.
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Figure 2.- Strainmeasmkg equipment. Drivjng and ctibra~ units ~ box shown at left-handside.
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Figure 3.- Three typss of specimen tested.
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Figure 4.- Diagram showing sections of specimens.
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Figure 5.- Dynamic-force diagram for testing machti.
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124S-T. 2,56-bv 0.081-inchriveted mssets II
24S-T; 2.0-by-0.125-inch riveted gksets “1

124-T. 1.5- by 0,188-inch riveted msseta

Heat-&eated fioy steel,1,5-byO;061-imhriveted

\

mssets
IM-T Alclad gw&ets, spot-wel&d I 1111

ill-ill
Cycles to rupture

lHgure6.- Fatiguetestresults.
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Figure 7.- Progression of fatigue cracks.
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Figure 8.- Ty’pidal failure originating at rivet holes.
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Figure 9.- Typical failures for spot-welded joints.
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(a) ?kftcromet.er readings from gusset face to gusset face before and after static loading to 4~ pounds.

(b) Section to scale longitudinally but magnified veridically. Witbout load.

L-
Gusset plate fwe;~

Section FF

(C) Distortion of gusset snd column under a 4MKkpouIId L3d. =%=-

~we 10.- Aw=nt joint action for spot-welded joiuts. w
co
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Figure 11. - Variation of stress with width of gusset ~late.
Photoelastic method.
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